Abstract
SIGNAL SCAN is a program developed to find putative transcription factor binding sites in DNA sequences (Prestridge, 1991) . It was originally developed to use a small database of transcription factor binding sites reported in the literature to scan DNA sequences for these sites. The continually growing field of transcription factors (Wingender, 1990; Latchman, 1991) and the changing needs of investigators in the field have necessitated growth and changes in the SIGNAL SCAN database and program. The original database had only 100 transcription factor binding sites, while today > 1800 binding sites are reported in the current version of David Ghosh's Transcription Factor Database (TFD) (Ghosh, 1990 (Ghosh, , 1991 . These data have mandated a complete revision of the SIGNAL SCAN database and program structure.
The SIGNAL SCAN database
In the present version (3.0) the SIGNAL SCAN database is entirely based upon the Ghosh TFD. The TFD is now updated on a monthly basis (D.Ghosh, personal communication) and the SIGNAL SCAN database is updated with each release. The information in the TFD is processed by a SIGNAL SCAN utility program into eight organism classes: mammal, bird, amphibian, insect, plant, yeast, prokaryote and miscellaneous classes. The prokaryote and miscellaneous classes are new with this release, the plant class was added in a previous release of SIGNAL SCAN. The current SIGNAL SCAN database has a total of Molecular Biology Computing Center, Department of Biochemistry, University of Minnesota, 247 Gortner Laboratories, St. Paul, MN 55108 and 'Department of Molecular, Cellular, and Developmental Biology, University of Colorado, Boulder, USA Both the binding factor name (if known) as well as the site name are now included in the database, and the SIGNAL SCAN program now reports the factor name rather than the TFD designated site name. This reduces confusion about the TFD site name nomenclature that is unique to the TFD. Only if a site is reported by the TFD to be bound by an unknown factor is the TFD site name used in the analysis.
Previously SIGNAL SCAN included only a few journal citations for the database sites while most sites (those obtained from the TFD) included only Medline database reference numbers, which are difficult to use by most investigators. Since the journal citations for each site are included in Ghosh's TFD, the journal citations are now included in the SIGNAL SCAN database and are easily accessible through the program (discussed below).
In addition to the improvements in the SIGNAL SCAN database, the program now allows users to establish their own separate databases of binding sites. Previously, investigators had to re-enter their own signals into the program each time a scan was performed. With this release the investigator can create any number of separate databases of sites, save them, and use them in future sequence scans.
The SIGNAL SCAN program
Because of the rapidly changing nature of the TFD, it is imperative to include a feature in SIGNAL SCAN that allows the investigator to update the SIGNAL SCAN database frequently. This has now been largely automated. A new menuselectable feature allows the user to rebuild the SIGNAL SCAN database using a current sites.dat file obtained from the TFD at the National Center for Biotechnology Information (NCBI).
Because of the increasing number of sites appearing in the literature and being incorporated into the TFD, there has been a need to increase the speed of scanning sequences to handle the increased data that must be stored in memory. Scanning speed has increased > 8-fold over version 1.0, and 3-fold over version 2.0. The original increase in speed was accomplished by several improvements in the source code, but the algorithm remained unchanged (Prestridge, 1991) . In this release, the speed increase is due to the incorporation of an indexing algorithm.
One disadvantage of using the raw TFD to scan sequences for transcriptional elements using other DNA analysis programs D.S.Prtstridge and G.Stormo is that all sites in the TFD are searched for. If the investigator has a mammalian sequence, for example, a search using the raw TFD will result in the report of many yeast, plant and prokaryotic sites among others. This results in a very high number of irrelevant sites being reported and can be very confusing to researchers not familiar with using the TFD. To reduce the amount of irrelevant sites reported, SIGNAL SCAN incorporates the TFD sites data into the various organism classes. In past versions of SIGNAL SCAN, only one class at a time could be used to scan a sequence. With this release, multiple classes can be selected for the same scan, including the investigator's own signal database. If all of the organism classes are selected for the scan, then the entire TFD is used.
The program output format has changed and includes more site information ( Figure 1A) . As mentioned earlier, the factor name is now given instead of the site name if the binding factor is known ( Figure 1A, column 1) . If the site name is used (the binding factor is unknown), then it is so designated in the second column (this column is blank if the factor name is given). The DNA strand on which the signal is located is now indicated by a (+) or (-) symbol. In addition, the TFD site number is given Oast column), allowing the investigator to access the original journal citation for each site.
Original journal citations can now be accessed through the new journal citation look-up feature. When a sequence is scanned, each reported site has an associated TFD site number ( Figure 1A, last column) . By entering the TFD site number into the journal citation look-up feature, the original journal citation is reported and saved to a file ( Figure IB) . SIGNAL SCAN is now used at several large multi-user sites. Past versions have been modified by local on-site programmers to make the program network compatible. With this release, SIGNAL SCAN is now fully Unix network compatible. The program can reside in any location on the Unix network and be accessed by anyone on the network. It allows each investigator to keep and use their own signal databases, and the program remembers the last user signal database used by each investigator so that each investigator on the system does not have to tell the program each time to use their own unique signal databases.
SIGNAL SCAN analysis
The analysis of sequences using a database of transcriptional elements has resulted in finding previously unknown functional transcriptional elements in DNA sequences (Rupp et al., 1990) . However, there are many reported putative transcriptional elements in any sequence scan, most of which are probably irrelevant (Wingender et al., 1991 Mol. Cell Bioi, 7, 1530 -4 (1987 Proc. Natl. Acad. Sci. USA, 84, 2203 -Nucleic Acids Res., 14, 10009-26 (19 J. Virol., 46, 143-50 (1983 ) Cell, S3, 11-24 (1988 , the factor and TFD site names, followed by the journal citation. Note that some journal citations are cut short (but are still usable) due to a shorter journal field length in SIGNAL SCAN than in the TFD. The advantages that SIGNAL SCAN currently has over most other more general site recognition programs are:
(i) The database of TFD sites is broken down into organism classes. (ii) Easy access to journal citations for each reported site, (iii) The program comes with the TFD already integrated, and it is easy to update. This requires no knowledge of programming or of relational databases by the investigator. The program comes ready to run and requires essentially no setup, (iv) The results can be output in three different formats (Prestridge, 1991) , allowing the investigator to select the format that is most relevant to their research, (v) There is an on-line help facility, (vi) The investigator can create, maintain, and use their own database of sequence elements.
SIGNAL SCAN is available in IBM-compatible PC, Unix and VAX/VMS versions. The PC version is available by surface mail or anonymous ftp, the Unix version is available by an e-mail server, and the VMS version is available by anonymous ftp. For more information on SIGNAL SCAN or how to obtain a copy of the program, send requests to DANP@MOLBIO. UMN.EDU.
